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Abstract
The synthesis and fluorescent analysis of chiral light emitting ionic liquids made from
lanthanide-doped chiral amino acid ionic liquids is described in this thesis. The ionic liquids
were composed of tetrabutylammonium (TBA) cation with enantiomers of the amino acids
valine, proline, and aspartate as anionic counterions. These ionic liquids of varying amino acid
composition were doped with europium trifluoromethanesulfonate (triflate) and analyzed by
circularly polarized luminescence (CPL). The sign of the CPL signal corresponded to the
handedness of the amino acids in the ionic liquids. Europium triflate concentration dependent
CPL in both [TBA][Val] and [TBA][L-Pro] ionic liquids was measured from 5 to 30 millimolal.
Although the effect of concentration on the europium environment was inconclusive, CPL
spectra compared across ionic liquids indicated that ionic liquid properties play an important
role.
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1. Introduction
This study looks at the ability of chiral ionic liquids to induce circularly polarized
luminescence (CPL) from a europium metal complex via solvent effects. Chiral ionic liquids are
made using amino acids as the anionic component, targeting an interaction with the cationic
europium species. The circular polarization of europium emission dependent on this interaction
was analyzed in multiple amino acid ionic liquids with varying europium concentrations.

1.1 Circularly Polarized Light
Polarization is a property of waves that can oscillate with more than one orientation.
Circularly polarized light, shown in Figure 1.1, occurs when the electric vector rotates as it
propagates, mapping out a circle on a 2-dimensional surface. The circle can be seen at the far left
of Figure 1.1.

Figure 1.1: Circularly polarized light. Obtained under the Wiki creative
commons license.

Circularly polarized light is important in the field of chemistry for photochemical
transformations, such as the synthesis of certain optically active compounds which are difficult
to obtain, as well as the manipulation of delicate samples like living cells and nanoparticles.1,2
3

Commercially, circularly polarized light is important for displays, such as 3-dimensional
televisions and other holographic images. Circularly polarized light can also be used in circular
dichroism, an absorption spectroscopy that investigates structural aspects of optically active
chiral media. 2 The production of circularly polarized light through the induction of chirality
from a solvent to a solute is a goal of this project.
1.2 Chiral Ionic Liquids
Ionic liquids present a budding field of research in the chemical community. An ionic
liquid is a salt with a melting point below 100˚C made of only anions and cations.3 In recent
years, interest in research in these liquids has grown in line with the increasing discoveries of
applications for ionic liquids.4 Ionic liquids lack flammability, lack significant vapor pressure,
and can tolerate large temperature changes, all of which improve upon shortcomings of organic
solvents.5 As for specific uses, ionic liquids have weakly coordinating anions and cations which
can stabilize polar transition states.6 Ionic liquids can solubilize gases, offering an alternative
route for gas separations that are often difficult to carry out.7 Changing the structural nature of
the ions in ionic liquids can fine tune the physical properties of the liquid in these applications.
Hydrophobic ionic liquids are synthesized to create separation media that can be used in many
chemical applications5,8. Chirality can also be introduced through the choice of certain anions or
cations.
Chirality is a property of an object that possesses a non-superimposable mirror image. In
molecules, chirality affects properties ranging from distinct smells to ability to bind with certain
proteins in the body. For example, one non-superimposable carvone molecule smells like
peppermint, while the other configuration smells like caraway seeds.9 Most chiral drugs exhibit
markedly different biological activities.10 In this thesis, the property of chirality of the ionic
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liquids used in this work stems from the 3-dimensional arrangement of atoms bonded to the same
carbon in an amino acid. Amino acids are biologically important molecules which explicitly
exhibit the importance of chirality in nature. Amino acids can exist in two chiral states, with the
arrangement of their specific functional groups in either right-handed (called D) and left handed
(L) configurations. In nature, over 99% of proteins are made with only left-handed amino
acids.11
Amino acids are used in this study as ionic liquid constituents, paired with a
tetrabutylammonium cation. The synthesis reaction of amino acid ionic liquids is shown in
Scheme 1.1, using L-serine as an example to form tetrabutylammonium serinate:

+
Tetrabutylammonium
hydroxide ([TBA][OH])

Amino Acid
(L-serine)

+ H20
Tetrabutylammonium
serinate ([TBA][Ser])

Scheme 1.1: The neutralization reaction used for synthesis of ionic liquids.

Amino acids are advantageous in ionic liquids for many reasons. Primarily, amino acids
are chiral and are readily available. Structurally as a whole amino acids contain similar
properties vital for ionic liquid formation. Amino acid ions are asymmetric and large enough to
disperse charges throughout the ion. This lowers the melting point of the salts to a temperature
low enough to be classified as an ionic liquid.12 Amino acids are composed of an amine and
carboxylic acid functional groups with differing side chains. The functional groups in the side
chain offer structural variances that can help to determine the properties of the ionic liquid.12
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Figure 1.2: The structures showing side-chain differences in amino acids investigated in ionic
liquids.
Figure 1.2 shows examples of different side chains in L-amino acids used in ionic liquids
reported in this thesis. Certain side-chains were of special interest for specific properties they
could contribute. The aromatic side chain in L-phenylalanine can absorb light in the ultraviolet
range, which was of interest for possible sensitization of the emissive species. The acidic amino
acids L-aspartic acid and L-glutamic acid were of interest for their doubly deprotonated state,
which could increase the interaction with cationic europium. L-valine, L-proline, and L-serine all
have differing side-chain properties. Side-chain differentiation of the amino acid ionic liquids is
important, but the common chiral center in all amino acids provided main basis for their use in
our ionic liquid systems. The chirality of surrounding environments has been demonstrated to be
transferrable to the emission of lanthanides in other complexes, leading to circularly polarized
light.13
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1.3 Europium Trifluoromethanesulfonate
Europium is an 4f inner transition metal. Europium consistently emits sharp bands of red
light with long lifetimes due to its electron configuration. The low energy 4f-4f transitions
present in europium are Laporte forbidden, meaning that their electric-dipole transitions are
suppressed, while the magnetic dipole transitions are allowed. In CPL production, this emission
characteristic corresponds to high dissymmetry factors (gem) which will be discussed later in this
work.14 Due to these unique emission properties, lanthanides have been used to produce the
largest dissymmetry factors to date. The highest ever recorded dissymmetry factor of 1.3 was
reported for an Eu(III) complex.14–16 Europium emission has been shown to be ideal for chiral
influence, which is why it is used in these ionic liquid systems.
Ionic liquids and their interaction with europium emission have also been studied. Periera
et. al.17 synthesized an ionic liquid with an incorporated europium complex. Although this
complex was not analyzed by CPL spectrometry, it successfully incorporated the fluorescent
properties of europium into an ionic liquid. Kroupa et. al. 18 found that amino acid based chiral
ionic liquids perturbed the racemization of a chiral europium complex, resulting in a distinct
preference for one handedness of light. This study showed that amino acid chirality was
sufficient for creating a chiral ionic liquid that could influence the polarization of europium
emission.
Europium is added to ionic liquids via the addition of a europium
trifluoromethanesulfonate (triflate) salt (Eu(CF3SO3)3). This salt is used for the expected
solubility derived from size-matching ions in the ionic liquid and the salt.19 The Lewis acidic
europium is expected to coordinate with the Lewis basic anionic amino acid within the ionic
liquid. Since the amino acids contain the chiral elements of the ionic liquids, this coordination
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optimizes the transfer of chirality from the ionic liquids to the europium emission. The
magnetically allowed transitions of the europium optimize this transfer of chirality, ideally
resulting in high dissymmetry factor values. The influence of the ionic liquid’s chirality on
europium emission will be analyzed through circularly polarized luminescence (CPL)
spectrometry.
1.4 Analyzing Ionic Liquid Influence on Europium Emission
The influence of ionic liquids on europium emission is investigated in multiple
ways in this study. Chiral influence on europium emission is analyzed through CPL
spectrometry. CPL is a luminescence phenomenon which provides differential emission
intensities of left- vs. right-handed circularly polarized light. Theoretically, it is possible for light
emitted from molecules to be completely circularly polarized with one handedness. However, in
practice, this has never been attained. To show how much of the luminescence is polarized, a
term called the dissymmetry factor, gem, is measured. The dissymmetry factor allows for
comparison across samples and is determined using Equation 1:

𝑔𝑒𝑚 =

2(𝐼𝐿 − 𝐼𝑅 )
𝐼𝐿 + 𝐼𝑅
(1)

IL and IR are the intensities of left-handed and right-handed polarized light, respectively.
The higher the magnitude of the gem , the more chiral light is produced. The largest possible gem
value is ±2, where +2 would indicate purely left-handed light and -2 would indicate purely righthanded light; a value of 0 denotes no difference between left- and right-handed light.
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Initially, the chirality of the environment will be varied through the use of both L- and Denantiomers to determine if the handedness of CPL peaks change in accordance with the change
in the chiral environment. In addition, the relation of CPL to the concentration of europium is
investigated through a concentration study in tetrabutylammonium prolinate ([TBA][Pro]),
tetrabutylammonium valinate ([TBA][Val]), and (tetrabutylammonium aspartate ([TBA]2[Asp]).
This concentration study will look at the change of the complexation of europium with ionic
liquid concentration, monitoring the change in the magnitude and location of CPL peaks.
Lifetime measurements are also reported to elucidate complexation of europium within
the three ionic liquids. Lifetime measurements give information on the speciation of europium by
measuring the unique emissions of the species. Lifetimes that fit a mono-exponential decay curve
arise from a single species, while multi-exponential decay curves arise from multiple emissive
species. In this thesis, unique emission lifetimes will be measured for information on how the
complexation environment changes with europium concentration in [TBA][Val], [TBA][Pro],
and [TBA]2[Asp]. Lifetimes are also measured to elucidate differences in europium
complexation in each ionic liquid, offering insight to the behavior of individual amino acids in
the ionic liquid environment.

9

2. Experimental
2.1 Synthesis of Chiral Ionic Liquids
All reagents and solvents were pure analytical grade materials purchased from Sigma
Aldrich. All were used without further purification.
L- and D-Valine (MW: 117.15 g/mol) based ionic liquids were synthesized by dissolving
an excess of valine in water. Tetrabutylammonium hydroxide ([TBA][OH]; MW: 259.47) was
added and stirred for one hour, checking for completion by monitoring for a pH increase above
10 with litmus paper. Excess water was removed by evaporation at approximately 50˚C for
approximately two hours. Acetonitrile was added to the tetrabutylammonium valinate
([TBA][Val]) and the solution was filtered and acetonitrile was removed by evaporation at 50˚C
for approximately an hour. [TBA][Val] was placed in a vacuum desiccator to remove excess
solvent.
L- and D-Aspartate (MW: 133.11 g/mol), L- and D-Proline (MW: 115.13 g/mol), LSerine (MW:105.10 g/mol), and L-Glutamic Acid (MW:147.13 g/mol) were used to form ionic
liquids. For singly deprotonated amino acid ionic liquids (all amino acid ionic liquids except
[TBA]2[Asp] and [TBA]2[L-Glu]), equimolar amounts of amino acid and tetrabutylammonium
hydroxide ([TBA][OH]) were combined under light heat (<40˚C) and stirred for approximately
an hour. Reaction progress was checked for completion by monitoring for a pH above 10 with
litmus paper. [TBA]2[Asp] and [TBA]2[L-Glu] were made by adding two molar equivalents of
[TBA][OH] under the same conditions. Water was evaporated while stirring at 50˚C for
approximately two hours. The diacidic [TBA]2 [Asp] (L- and D-), [TBA][ Pro] (L- and D-), and
[TBA] [L-Ser] were all individually placed in a vacuum desiccator for three hours to remove any
excess water.
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2.2 Europium Sample Preparation
Because of the difficulty of measuring ionic liquid density, concentration dependent
samples of Eu+3 were made in increasing millimolal (mm) increments at approximate molalities
of 5 mm, 10 mm, 15 mm, 20 mm, and 30 mm . Europium (III) was added as a
trifluoromethanesulfonate salt and stirred for multiple hours until dissolution at approximately
50˚C. Sample sizes were 1 to 1.5 mL, approximately one gram of ionic liquid.

2.3 Emission Spectra
Emission and excitation spectra of the europium samples were obtained using a PerkinElmer LS55 luminescence spectrometer in both fluorescent and phosphorescent scan mode.
Fluorescent scan mode measured the fast relaxation emission through immediate scanning.
Phosphorescence scan mode measured slower relaxation emission (attributed to europium
species) by measuring after a one millisecond delay. Excitation and emission scans determined
the maximum emission and excitation wavelengths for europium in [TBA][Val], [TBA][Pro],
[TBA]2[Asp], [TBA][Ser], and [TBA][Phe].

2.4 Circular Polarized Luminescence (CPL) Measurement
CPL measurements were completed using a custom-built CPL spectrometer. The
spectrometer consisted of a 450W xenon arc lamp, monochromator (Horiba Johin Yvon
iHR320), and a red-sensitive photomultiplier tube (PMT, Hammamatsu R928). White light from
the xenon arc lamp was passed through a time resolving chopper and an initial filtering
monochromator which isolated target excitation wavelengths. The light was directed towards the
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sample cuvette 90˚ from the monochromator. Following sample excitation and emission, light
was filtered allowing for selective passage of rotated light through the photoelastic modulator
(Hinds PEM-80) and then passed to the high-resolution monochromator for selection and
subsequent detection over the 585-600 nm wavelength range. The signal output from the PMT
was processed by a lock in amplifier with reference signal from the chopper for total
luminescence measurements, to reduce background noise. Data was collected using LabView®
software and stored on a laboratory computer.

2.5 Lifetime Measurement
Luminescence lifetime decay measurements were completed on the previously described
instrument. Time resolving chopper modulated light at 89 Hz and selected excitation
wavelengths of monochromatic light was focused onto the sample. Lifetime measurements were
collected using the high-resolution monochromator measuring emission at 615 nm. Signal
averaging was completed using approximately 4000 scans processed by the oscilloscope. Data
were collected using LabView® designed software, and were stored on the laboratory computer.
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3. Results and Discussion
3.1 Fluorescence Measurements

Figure 3.1.1: Emission scans of 15.3 mm Eu+3 nm of [TBA][L-Pro] in fluorescent (blue) and
phospohorescent (red) modes with an excitation wavelength of 394 nm.
Figure 3.1.1 shows an emission spectrum from the Eu+3-doped [TBA][L-Pro], illustrating
a major difficulty of this study. The background emission of the ionic liquids produces the
sloping baseline, with europium emission peaks near 595 nm and 615 nm. This background
fluorescence often significantly covered the emission of the europium. The longer lifetimes of
the europium emission however allows for analysis of europium emission through
phosphorescence scanning mode, as can be seen in red spectra in Figure 3.1.1. A scanning delay
of 1 ms allows short-lived ionic liquid emission to decay, leaving the europium emission clearer.
Although this allows for identification of europium peaks on the luminescence spectrometer, the
CPL-spectrometer is not capable of such a time delay. The short-lived europium emission must
13

be more distinct from the similarly short-lived ionic liquid emission to analyze europium’s
circular polarization.
To achieve this distinctness, the ionic liquid emission would ideally occur at a shorter
wavelength than the red emission of the europium. Initially, ionic liquids made from amino acids
with aromatic side chains (phenylalanine, for example) were pursued for the possibility of
sensitization of europium emission. Sensitization involves the coordination of light-absorbing
ligands to europium which can transfer energy and greatly increase excitation. Sensitization of
europium is desirable due to the limited absorption of Laporte forbidden 4f-4f transitions which
are responsible for unique lanthanide emission properties. Excitation is inefficient, and
sensitization ligands increase excitation and europium emission.20 Additionally, sensitization
offers a possible remedy to the problem of ionic liquid background fluorescence. These aromatic
side chains absorb light in the UV range. The normal excitation wavelength used for maximum
emission is 394 nm, which is a direct 4f-4f transition in the europium itself. Such a blue-shift in
the excitation wavelength would result in a blue-shift in the ionic liquid fluorescence, clear of the
europium emission. Excitation scans of [TBA] [Phe] doped with europium, shown in Figure
3.1.2, did not show any sensitization. If phenylalanine’s ultraviolet absorption were successfully
transmitted to europium, this would be observed at the monitored 615 emission wavelength in
Figure 3.1.2. Observed peaks at approximately 396, 465, and 530 nm are 4f-4f excitations within
the europium ion. These wavelengths excite europium electrons regardless of the ligands
complexed. Furthermore, none of these intensities are significantly increased as a result of
sensitization. Ionic liquids with tyrosine and tryptophan, other amino acids with aromatic sidechains, were never successfully synthesized.
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Figure 3.1.2: Excitation scan of Eu+3 in [TBA] [Phe] monitoring 615 nm emission.

Figure 3.1.3: Examples of coloration of different ionic liquids. From left: [TBA]2[L-Asp],
[TBA][L-Val], [TBA]2[L-Asp] (with excess heating)
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Figure 3.1.4: Fluorescent europium emission spectra in [TBA][Val] (5.0 mm, red line) and
[TBA] [Ser] (11.3 mm, blue line) with an excitation wavelength of 394 nm.
Ionic liquid emission often correlated to the coloration of the ionic liquid, shown in
Figure 3.1.3. Overheating the ionic liquid during as water was evaporated or as europium salt
was added darkened the ionic liquid samples. This leads to a red-shift in the ionic liquid
background emission which interfered with europium emission and motivated the choice of
which ionic liquids to pursue. [TBA][L-Val], [TBA][L-Pro], and [TBA]2[L-Asp] all resist
coloration more than [TBA][L-Ser]. Figure 3.1.4 shows the impact of the darker [TBA][L-Ser]
on europium emission versus uncolored [TBA][L-Val], which remained uncolored. [TBA][LSer] spectrum exhibits larger background fluorescence and less distinct europium peaks.
[TBA][L-Val], [TBA][L-Pro], and [TBA]2[L-Asp] are used to avoid this phenomenon in
analysis of the chiral perturbation of europium emission in ionic liquids.
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3.2 CPL Spectra
Ionic liquid background fluorescence was analyzed for CPL without europium, and the
fluorescence produced was not circularly polarized. Eu+3CPL spectra were obtained in [TBA][LPro], [TBA][L-Val], and [TBA]2[L-Asp]. The amino acid is the only source of chirality in the
ionic liquid; therefore any CPL will be influenced by the chirality of the amino acid. The
dependence of these peaks on the chirality of the amino acid was investigated through changing
the chirality of aspartic acid, valine, and proline from L to D.

Figure 3.2.1: CPL (IL - IR) signals of the 5D07F1 transition of 15.1 mm Eu+3 [TBA] [L-Pro]
(blue) and 14.6 mm Eu+3 in[TBA] [D-Pro] (red). TL (IL + IR) is shown for [TBA][L-Pro] sample
with an excitation wavelength of 394.5 nm.
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Figure 3.2.2: CPL (IL - IR) of the 5D07F2 transition of 15.1 mm Eu+3 in [TBA] [L-Pro] (blue)
and 14.6 mm Eu+3 in [TBA] [D-Pro] (red). Total luminescence (TL) (IL + IR) shown for the
[TBA] L-Prolinate sample. The excitation wavelength is 394.5 nm.
Figure 3.2.1 shows opposite signs of peaks in the CPL spectrum for L- and D-Prolinebased ionic liquids, as well as a general total luminescence (TL) peak for the 5D07F1 transition.
The TL is only shown for the [TBA][L-Pro] sample, due to the similarity between the europium
TL in both [L-Pro]- and [D-Pro]- based ionic liquids. The overall similarity between TL spectra
in both L- and D-enantiomer amino acid based ionic liquids held for [TBA][Pro], [TBA][Val],
and [TBA]2[ Asp]. To reduce clutter on Figures 3.2.1-5 in the L- vs. D- enantiomer testing, the
TL corresponding to the D-enantiomer-based ionic liquids were omitted.
In the 5D07F1 transition spectrum in [TBA][L-Pro] in Figure 3.2.1, a CPL minimum is
present at 590 nm. Relative to what is determined as the baseline CPL signal (the specific
numerical value of which is arbitrary and dependent on instrument settings), this 590 nm
minimum is negative. The CPL spectrum changes sign and has a maximum positive value
18

relative to the baseline located at 597 nm. The maximum TL is observed at 593.2. The CPL
peaks appear on the shoulders of the TL peak. In the 5D07F2 transition in Figure 3.2.2, a very
clear positive CPL maximum exists at 613 nm. As with the 5D07F1, the CPL signal changes
sign within the total europium emission peak and a minimum is present at approximately 619
nm. The TL peak is present at 613.8 nm.
Between the L- and D-Proline CPL spectra, the difference in signs of the CPL spectrum
confirms that the chiral amino acid is affecting the polarization of the light emitted by europium.
The opposite signs of the CPL peaks are much more pronounced in 5D07F2 transition (Figure
3.2.2), but can be seen roughly in the 5D07F1 as well in Figure 3.2.1. In the 5D07F1, the signal
to noise ratio is much lower than the 5D07F2 transition and therefore the enantiomeric effect is
less pronounced. However, a general trend of opposite signs for L and D enantiomers is still
observable.
In the 5D07F2 transition spectra, the opposite CPL peaks between the different ionic
liquids are not of the same magnitude. Similar magnitude is not necessarily expected for a
number of reasons. First, the samples are of slightly different concentration. Secondly, at this
point there is no information on the speciation present in either sample. Consistent speciation has
not been proven for either the [L-Pro] and [D-Pro] samples. If multiple complexes are equally
favorable, any difference in speciation would result in different magnitudes of peaks in the CPL
spectra. Furthermore, differences in water content were not quantified, and could have resulted in
quenching that would reduce the magnitude of the CPL peaks in the [TBA] [D-Pro]. Quenching
results from water coordinating the Eu+3 cation; Eu+3 emission is then absorbed by the water
through O-H bond vibration. Furthermore, water can also occupy coordination sites on Eu+3
which would ideally bind chiral prolinate needed to increase the dissymmetry factor of emission.
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Water content of the ionic liquids was not tested, so no definitive conclusion can be drawn in
regards to quenching. Finally, the overall purity of the ionic liquid could have an effect on the
europium emission. Excess amino acid or [TBA][OH] could result in purity differences across
ionic liquid samples. Also, as the coloration of the ionic liquids differed, possible degradation
could affect purity as well. All of these factors could have contributed to CPL peak magnitude.
Finally, the CPL spectra may seem problematic due to the nonzero baseline. However,
this is simply the result of instrument recording not being calibrated exactly at zero. In Figure
3.2.1, the baseline can be seen near 20. In subsequent measurements, this baseline is accounted
for and subtracted.
[TBA][Val]

Figure 3.2.3: CPL (IL - IR) signals of the 5D07F2 transition of 15.3 mm Eu+3 [TBA] [L-Val]
(blue) and 16.8 mm Eu+3 in[TBA] [D-Val] (red). TL (IL + IR) is shown for the [TBA][L-Val]
sample. The excitation wavelength is 394.5 nm.
The CPL and TL spectra of the 5D07F2 transition in [TBA][L-Val] and [TBA][D-Val]
ionic liquids are shown in Figure 3.2.3, together with the TL of the [TBA][L-Val] sample. In

20

these ionic liquids, only the 5D07F2 transition offered interpretable spectra. A maximum exists
near 613 nanometers. A less pronounced minimum value can be seen near 619 nm. In
comparison with europium CPL in [TBA][L-Pro] samples, europium CPL in [TBA][L-Val] is
less clearly defined. Although it is less defined, both [TBA][L-Pro] and [TBA][L-Val] have CPL
peaks of the same sign at similar wavelengths. The 613 nm peak is positive in both, and the 619
nm peak is negative in both. In the 5D07F1, no identifiable CPL peaks were observed in
[TBA][L-Val] and these spectra were omitted. While the trend of opposite amino acid chirality
corresponding to opposite signs in the CPL spectra is not as clear as the 5D07F2 in prolinebased ionic liquids, the sign of the CPL in the L- and D-Valinate are still reversed. A higher
signal to noise ratio would be preferable for clearer interpretation. Once again, neither the TL nor
CPL baselines are at zero. The spectra show that the sign of the CPL signal is reliant on chiral
perturbation from the amino acid.

21

[TBA]2[Asp]

Figure 3.2.4: CPL (IL - IR) spectra of the 5D07F1 transition of 10.1 mm Eu+3 in [TBA]2[L-Asp]
(blue) and 10.0 mm Eu+3 in [TBA]2[D-Asp] (red). TL (IL + IR) is shown for [TBA]2[L-Asp]
sample. The excitation wavelength is 394.5 nm.

Figure 3.2.5: CPL (IL - IR) spectra of the 5D07F2 transition of 10.1 mm Eu+3 in [TBA]2[L-Asp]
(blue) and 10.0 mm Eu+3 in [TBA]2[D-Asp] (red). TL (IL + IR) is shown for [TBA]2[L-Asp]
sample. The excitation wavelength is 394.5 nm.
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The opposite peaks in the CPL spectra of [TBA] [L-Asp] vs [TBA][D-Asp] ionic liquids
shown in Figures 3.2.4-5 support the chiral interaction of the amino acid and the Eu+3 cation
through opposite CPL peaks. Of all L vs. D enantiomer tests, the sign dependence of CPL peaks
on the handedness of amino acids is most clearly pronounced in the 5D07F1 transition
comparison spectra in [TBA]2[L-Asp] and [TBA]2[D-Asp] shown in Figure 3.2.4. The 5D07F1
transition spectra shows CPL peaks of equal and opposite magnitude. The 5D07F2 transition
spectra shown in Figure 3.2.5 shows CPL peaks located at the same wavelength for [TBA]2[LAsp] and [TBA]2[D-Asp], but not of the same magnitude. Once again, the baselines are
separated due to instrument calibration settings.
Europium CPL spectra in [TBA]2[L-Asp] differs from CPL in [TBA][L-Val] and
[TBA][L-Pro] in a few notable ways. CPL spectra in Figures 3.2.4-5 in both the 5D07F1 and the
5

D07F2 transitions in [TBA]2 [L-Asp] exhibited only one peak per transition, unlike the

[TBA][L-Pro] and [TBA][Val] environments which show two peaks of opposite signs. Also,
both the TL and CPL of the 5D07F2 emission is red-shifted in relation to the same spectra in
[TBA][Val] and [TBA][L-Pro] general emission. The peak TL for the 5D07F2 transition is at
619.8 nm in [TBA]2[Asp], which is a red-shift of over 5 nm. While this does not necessarily give
specific information on the complexation environment of the europium ion, it does point to a
significant change in the complexation environment when compared to other ionic liquids. In the
5

D07F1 transition spectra the TL peak is at 594.2 nm, and the CPL peak is located at 594.8 nm.

Unlike in [TBA][Pro] and [TBA][Val], the peak dissymmetry factor for europium emission also
matches location with the peak total emission.
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3.3 Concentration Dependence
Spectra for [TBA][L-Pro] concentration studies are shown in Appendix Section 1.
Concentration dependence was studied in [TBA][L-Pro]; the CPL spectra was shown in Figures
3.2.1 and 3.2.2. These figures are accompanied by a discussion of the location of the
dissymmetry factor peaks are listed in this Table 3.3.1. All CPL minima and maxima for varying
concentrations are listed in Table 3.3.1 and shown graphically in Figure 3.3.1. For the smaller
magnitude CPL peaks in the 5D07F1 transition, very low or very high concentrations of Eu+3
resulted in indeterminable values, as the signal was too noisy.
Table 3.3.1: Dissymmetry factors for varying concentrations of Eu+3 in [TBA][L-Pro].
Dissymmetry Factors in [TBA][L-Pro] Eu+3
Conc. Eu+3
(mmolal)

gem (by approximate peak location in nm)

590

597

613

620

5.5

n.d.

n.d.

.007 ±.005

-.005 ±.004

9.9

n.d.

.035
±.010

.010 ±.001

-.012 ±.002

15.1

-.002 ±.005

.011 ±.004 .007 ±.003

-.012 ±.003

19.9

-.003 ±.012

.011 ±
.015

.007 ±.002

-.010 ± .002

30.0

-.017 ±.008

n.d.

.005 ±.005

.006 ±.002
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Figure 3.3.1: Absolute values of gem vs. Eu+3 concentration in [TBA][L-Pro].
In the 5D07F1 transition spectra, both the largest and smallest magnitudes of
dissymmetry values within the [TBA][L-Pro] concentration study are observed. This peak is
thought to have the greatest polarization because it is the magnetic dipole allowed transition.15
However, these peaks are also accompanied by the greatest uncertainties as well. In the 9.9 mm
Eu+3 sample, the 590 peak was undeterminable due to noise; however, the local maxima at 597
nanometers gave the highest dissymmetry value observed for any ionic liquid in this thesis at
.035, shown in Table 3.3.1. Even at the lowest possible uncertainty, this gem is still the highest in
[TBA][Pro] samples. At 15.1 mm Eu+3, both the 590 and 597 dissymmetry values decrease. At
19.9 mm Eu+3, the values increase above 15.1 mm Eu+3 values. This fluctuation is likely the
result of the minimal TL emission observed at the both the 590 and 597 nm CPL peaks of the 5D0

7

F1 transition. Even with smoothing from an FFT filter, a noisy spectrum can still cause an

amplification or diminishment of the dissymmetry factor. When combined with a low TL value
at these wavelengths, dissymmetry values could vary at larger intervals than other transitions
with higher corresponding TL values. This phenomenon is indicated by the relative uncertainties
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of the measurements in the 5D07F1 transition, which are considerably higher than those in the
5

D07F2 transition. This could explain the fluctuation of values, which precludes drawing a

definite conclusion in how concentration affects dissymmetry values in the 5D07F1 transition.
The fluctuation of 5D07F1 dissymmetry values show that the nature of the total luminescence of
the europium has more of a direct effect on gem values than concentration. Lower total emission
does not necessarily lower CPL at the same ratio, resulting in potentially larger gem values.
In general, the 5D07F2 transition in [TBA][L-Pro] offers more consistent dissymmetry
values than the 5D07F1 transition spectra. The 9.9 mm Eu+3 concentration has the two largest
dissymmetry factors. This aligns with the 5D07F1 transition spectra of similar concentration.
As the concentration increases beyond this point, the dissymmetry factors decrease.
[TBA][L-Val]
Spectra for [TBA][L-Val] concentration studies are shown in Appendix Section 2.
Concentration dependence of europium was studied in [TBA][L-Val], with the corresponding
CPL spectra shown in Figures 3.2.3. Table 3.3.2 shows the different dissymmetry values at each
of these concentrations for the CPL peaks in the 5D07F2 emission of europium in [TBA][LVal].
Table 3.3.2: Dissymmetry factors for varying concentrations of Eu+3 in [TBA][L-Val].
Dissymmetry Factors in [TBA][L-Val]
+3

Eu
conc.
(mm)

gem (by approximate peak
location in nm)
613

620

5.0

.003 ±.002

n.d.

10.0

.003 ±.002

-.003 ±.002
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15.3

.003 ±.001

-.003 ±.003

20.1

.004 ± .003

-.001 ±.001

30.1

.001 ±.002

-.002 ±.002

0.0045
0.004
0.0035

|gem |

0.003
0.0025
0.002

613

0.0015

620

0.001
0.0005
0
0

5

10
Eu+3

15

20

25

30

35

concentration (millimolal)

Figure 3.3.2: Absolute values of the peak dissymmetry factors vs. Eu+3 concentration in
[TBA][L-Val].
Table 3.3.2 and Figure 3.3.2 show the dissymmetry values for varying concentrations of
europium in [TBA][Val]. The largest dissymmetry values for both peaks together are seen in the
10.0 millimolal Eu+3 sample. The largest observed gem value in the concentration study was seen
in the 20.1 mm Eu+3 for the 613 nm peak. Conversely, this concentration also had the smallest
dissymmetry value for the 620 peak. Although smoothing with an FFT filter can consistently
define a similar shape to each CPL emission curve, uncertainties show that these peaks are not
significantly larger than the accompanying noise.
As with proline-based ionic liquids, increasing the concentration of europium does not
result in a defined trend in dissymmetry factor values for [TBA][L-Val]. Initially, at low
concentrations, increasing europium concentration gives larger emissions with more

27

distinguishable CPL spectra. Solubility problems arose in the 30 mm range with the europium
trifluoromethanesulfonate salt. The gem values were highest at 10.0 mm Eu+3.
[TBA]2[L-Asp]
Concentration dependence spectra for [TBA]2[L-Asp] are shown in Appendix Section 3.
Figures 3.2.4 and 3.2.5 which show the 5D07F1 and 5D07F2 emissions of europium in
[TBA]2[L-Asp].
Table 3.3.3: Dissymmetry values for varying concentrations of Eu+3 in [TBA]2[L-Asp].
Dissymmetry Factors in [TBA]2[L-Asp]
Conc.
Eu+3
(mmolal)

gem (by approximate peak
location in nm)

595

617

5.0

-0.018±.012

0.009±.004

10.0

-0.021±.005

0.010±.003

20

-0.018±.005

0.006±.002
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Figure 3.3.3: Absolute values of the peak dissymmetry factors vs. Eu+3 concentration in
[TBA]2[L-Asp].
[TBA]2 [L-Asp] samples gave the most consistent gem values across both transitions.
The largest dissymmetry factors were observed in the 10.0 mm Eu+3 concentration sample. Over
each of the ionic liquids tested in concentration studies, the approximate concentration of 10 mm
Eu+3 consistently resulted in the largest dissymmetry factors. Similarly, as with other
concentration studies, the gem values of the 20.0 mm Eu+3 [TBA]2 [L-Asp] did not continue to
increase.
[TBA]2 [L-Asp] samples were the only samples to consistently follow the increased
polarization of the 5D07F1 transition over the 5D07F2 transition. In general, [TBA]2 [L-Asp]
samples were more robust than [TBA][L-Pro] and [TBA][Val] samples. The [TBA]2 [L-Asp]
samples underwent less coloration than other ionic liquids. However, fewer concentrations of
[TBA]2 [L-Asp] were tested due to lower solubility with the europium trifluoromethanesulfonate
salt.
The europium complexation environment and its effect on the CPL spectra of [TBA]2 [LAsp] samples was of great interest. Deprotonation of the dicarboxylic acid amino acids shown in
29

Figure 1.2 offers an ionic liquid with a doubly charged anion which could increase interactions
with the Eu+3 cation, with possibly two oxygens per amino acid occupying coordination sites on
the europium. [TBA]2[Glu], another acidic amino acid capable of a doubly deprotonated state in
an ionic liquid, was also of interest due to this effect. However, the europium
trifluoromethanesulfonate salt was not soluble in this ionic liquid. Furthermore, a singly
deprotonated ionic liquid [TBA] [H-[L-Asp]] was synthesized to test the effect of increased
negativity of the amino acid anion. However, this ionic liquid was too viscous to dissolve the
europium salt. Heating of the ionic liquid resulted in significant coloration which gave a large
background fluorescence, making it impossible to analyze background fluorescence. Ideally, the
shapes of these CPL spectra would have been compared to [TBA]2[Asp] for the analysis of the
anionic amino acid influence on europium emission in the ionic liquid system.
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3.4 Lifetimes

Figure 3.4.1: Lifetime measurement of 15.0 mm Eu+3 in [TBA][Pro].
After excitation, emission intensity of the europium in [TBA][L-Pro] decays
exponentially, as shown in Figure 3.4.1. The exponential decay equation to compute the mean
lifetime is shown in Equation 2:
(2)
N(t) is the quantity at time t, and N0=N(0) is the initial quantity. τ is the exponential time
constant, representing the mean lifetime. In the parameter list in Figure 3.4.1, this is represented
as t1 and can be seen to be equal to 0.599 milliseconds and is the lifetime of europium species.
Depending on the number of emissive species involved, this exponential decay can be mono- or
multi-exponential. Lifetimes, offer an avenue to investigate possible speciation of the europium
complexed with amino acid anions in the ionic liquids based on the fit of the exponential curve
applied to it. Although it is reasonable to imagine that there are multiple species of europium
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complexed with different amounts of amino acid anions in the ionic liquid systems, the lifetimes
observed consistently fit with a mono-exponential equation.
3.4.1 Concentration Dependence
Table 3.4.1: Eu+3 lifetime values at various concentrations in [TBA][L-Pro].
Eu+3 Lifetimes in [TBA][L-Pro]*
Conc. Eu+3
(mmolal)

Lifetime (µs)

5.5

596

9.9

577

15.5

600

19.9

626

30.0

608

*Uncertainties were a maximum of 3 µs
Table 3.4.2: Eu+3 lifetime values at various concentrations in [TBA][L-Val].*
Eu+3 Lifetimes in [TBA][Val]
Conc. Eu+3
(mmolal)

Lifetime (µs)

5.5

531

10.0

547

15.3

649

30.1

664

*Uncertainties were a maximum of 5 µs.
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Table 3.4.3: Eu+3 lifetime values at various concentrations in [TBA]2[L-Asp].*
Eu+3 Lifetimes in [TBA]2[L-Asp]
Conc. Eu+3
(mmolal)

Lifetime (µs)

5.3

389

10.0

434

15.0

498

20.0

487

*Uncertainties were a maximum of 8 µs.
In [TBA][L-Pro] (Table 3.4.1) and [TBA] [L-Asp] (Table 3.4.3), lifetime values of
europium did not show a dependence on increasing europium concentration. However, europium
lifetimes in [TBA][Val] (Table 3.4.2) increased with increasing europium concentration.
Comparison of the results of concentration studies between ionic liquids does not lead to a clear
conclusion to why europium complexation changes with increasing europium concentration in
these ionic liquid environments. However, the differences in lifetimes in each liquid seem to
support differences in the complexation environment in each liquid. [TBA]2 [L-Asp] europium
lifetimes differed significantly from [TBA][Val] and [TBA][L-Pro] samples. This difference in
lifetime is due to changes in the europium complexation environment. If triflate anions are
dissociating allowing for the coordination of anionic amino acids in the ionic liquid, this is to be
expected.
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4. Conclusion
The goal of this project was to see whether chiral amino acid ionic liquids could impart
chirality onto europium emission to elicit CPL. [TBA][Pro], [TBA][Val], and [TBA]2[Asp] were
identified as promising ionic liquids, due to their resistance to coloration and minimal competing
emission. CPL signals were obtained for europium in these ionic liquids. CPL was confirmed to
be due to the chirality of the amino acid constituent by varying chirality from the L- to Denantiomer. Concentration dependence studies did not give a trend between gem values and
europium concentration. Furthermore, the shapes of CPL spectra and the location of
dissymmetry factor maxima and minima did not significantly change with europium
concentration. However, different concentrations of europium did result in different magnitudes
of dissymmetry factors. This likely means that there is not a significant change in the europium
complexation environment with increasing concentration. However, the other characteristics of
the ionic liquid were altered resulting in overall signal magnitude changes that could have
affected gem values.
Lifetimes were similarly inconclusive in showing a trend between the complexation
environment of the europium and concentration in [TBA]2[Asp] and [TBA][Pro]. In these ionic
liquids, as with CPL concentration dependence, a significant change of complexation
environment of europium is not likely. However, [TBA][Val] lifetimes did increase with
increasing concentration. This would signify a change in complexation environment at odds with
other ionic liquids. The large difference between [TBA]2[Asp] lifetimes when compared with
both [TBA][Pro] and [TBA][Val] lifetimes does indicate a significant change in the europium
complexation environment possibly due to a significant change in the complexation behavior of
the doubly deprotonated aspartate ion as opposed to valinate and prolinate ions.
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Europium emission consistently differed across unique ionic liquids. Both the shapes of
europium CPL spectra and their subsequent dissymmetry factors were unique in [TBA][Pro],
[TBA][Val], and [TBA]2[Asp]. Lifetime values show that [TBA]2[Asp] has a much lower
lifetime than its [TBA][Pro] and [TBA][Val] counterparts, providing evidence that the doubly
deprotonated amino acid results in a significantly altered complexation state at the europium.
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5. Appendix
5.1 [TBA][L-Pro] Concentration Dependence CPL Spectra

Figure 5.1.1: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F1 transition of 5.5 mm Eu+3
[TBA] [L-Pro] with an excitation wavelength of 394.5 nm.

Figure 5.1.2: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F2 transition of 5.5 mm Eu+3
[TBA] [L-Pro] with a 394.5 nm excitation wavelength.
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Figure 5.1.3: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F1 transition of 9.9 mm Eu+3
[TBA] [L-Pro]. With a 394.5 nm excitation wavelength.

Figure 5.1.4: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F2 transition of 9.9 mm Eu+3
[TBA] [L-Pro] with a 394.5 nm excitation wavelength.
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Figure 5.1.5: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F1 transition of 15.1 mm Eu+3
[TBA] [L-Pro] with a 394.5 nm excitation wavelength.

Figure 5.1.6: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F2 transition of 15.1 mm Eu+3
[TBA] [L-Pro] with a 394.5 nm excitation wavelength.
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Figure 5.1.7: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F1 transition of 19.9 mm Eu+3
[TBA] [L-Pro] with a 394.5 nm excitation wavelength.

Figure 5.1.8: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F2 transition of 19.9 mm Eu+3
[TBA] [L-Pro] with a 394.5 nm excitation wavelength.
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Figure 5.1.9: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F1 transition of 30.0 mm Eu+3
[TBA] [L-Pro] with a 394.5 nm excitation wavelength.

Figure 5.1.10: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F2 transition of 30.0 mm Eu+3
[TBA] [L-Pro] with a 394.5 nm excitation wavelength.
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5.2 [TBA][L-Val] Concentration Dependence CPL Spectra

Figure 5.2.1: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F2 transition of 5.0 mm Eu+3
[TBA] [L-Val] with a 394.5 nm excitation wavelength.

Figure 5.2.2: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F2 transition of 10.0 mm Eu+3
[TBA] [L-Val] with a 394.5 nm excitation wavelength.
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Figure 5.2.3: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F2 transition of 15.3 mm Eu+3
[TBA] [L-Val] with a 394.5 nm excitation wavelength.

Figure 5.2.4: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F2 transition of 20.1 mm Eu+3
[TBA] [L-Val] with a 394.5 nm excitation wavelength.
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Figure 5.2.5: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F2 transition of 30.1 mm Eu+3
[TBA] [L-Val] with a 394.5 nm excitation wavelength.
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5.3 [TBA]2[L-Asp] Concentration Dependence CPL Spectra

Figure 5.3.1: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F1 transition of 5.4 mm Eu+3
[TBA]2 [L-Asp] with a 394.5 nm excitation wavelength.

Figure 5.3.2: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F2 transition of 5.4 mm Eu+3
[TBA]2 [L-Asp] with a 394.5 nm excitation wavelength.
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Figure 5.3.3: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F1 transition of 10.1 mm Eu+3
[TBA]2 [L-Asp] with a 394.5 nm excitation wavelength.

Figure 5.3.4: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F2 transition of 10.1 mm Eu+3
[TBA]2 [L-Asp] with a 394.5 nm excitation wavelength.
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Figure 5.3.5: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F1 transition of 20.0 mm Eu+3
[TBA]2 [L-Asp] with a 394.5 nm excitation wavelength.

Figure 5.3.6: TL (IL + IR) and CPL (IL - IR) signals of the 5D07F2 transition of 20.0 mm Eu+3
[TBA]2 [L-Asp] with a 394.5 nm excitation wavelength.
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